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mulunuclear cationic platinum complexes with antitumor activity 

The present invention relates to tetra- and penta- 
nuclear platinum complexes with antitumor activity, to a 
method for preparing them and to pharmaceutical 
compositions containing them, 
5 STATE OF THE ART 

The use of platinum complexes in the antitumor 
chemotherapy is well known. A number of platinum 
complexes, such as cis-platin, are used in the treatment 
of testicular, ovarian, head and neck and small cell 
10 lung carcinomas. However, the treatment with cis-platin 
may result in severe nephrotoxicity. A further clinical 
disadvantage is the problem of acquired drug resistance 
resulting in the tumor becoming refractory to treatment 
by the agent. 

15 It is generally believed that platinum complexes 

such as cis-platin manifest their biological activity 
through covalent interaction with DNA. In partcular, 
cis-platin induces the formation of a range of adducts 
on DNA including monodentate adducts, bidentate adducts, 

20 such as GG or AG, and GNG intrastrand crosslinks 
[Reedijk et al . , Structure and Bonding, 67, 53-89 
(1987)]. To a lesser extent, cis-platin also results in 
interstrand GG crosslinks and DNA-protein crosslinks 
[Rahmouni et al.. Biochemistry, 26, 7229-7234 (1987)]. 

25 These DNA lesions result in conformational changes which 
are reflected in bending and local unwinding of the DNA. 
These DNA lesions have been reported to inhibit the 
activity of various DNA polymerases [Vallan et al . , 
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Nucl, Acids Res., 16, 4407-4418 (1988); Pinto et al., 
Proc, Natl. Acad. Sci., 82, 4616-4619 (1985); Gralla et 
al.. Cancer Res., 47, 5092-5096 (1987)]. The interstrand 
crosslink between two neighboring guanine bases has also 
been shown to inhibit RNA polymerase function [Lemaire 
et al., Proc. Natl. Acad. Sci., 88, 1982-1985 (1991)]. 
Accordingly, the cytotoxic effects of cis-platin are 
most likely attributable to the combined effects of 
these DNA lesions, rather than the result of any one 
specific lesion event. 

Mono(platinum ) and bis ( platinum ) complexes, 
containing respectively one or two platinum atoms, are 
compounds known in the art (U.S. Patent No. 4,225,529, 
4,250,189, 4,533,502, 4,565,884, 4,571,335 e 4,797,393), 

Examples of tri-nuclear platinum complexes (also 
named tri-platinum complexes) were recently reported in 
the letterature [Yun Qu et al. , Inorg. Chem. , 32, 2591- 
2593 (1993)]. Said compounds, in which the ligands have 
a cis configuration, are complexes neutral or bearing an 
overall charge of +2 and they can be represented by the 
following general formulae: 




NH2— R NH2 




NH2— R — NH2 




NH3 




NH— R NH2 




NH3 
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in which X means a labile ligand (such as a chlorine 
atom) and R means an alkylene chain. It can be seen 
that, in the case of the complexes with an overall 
charge of +2, said charge is located on the central 
platinum atom, bearing four neutral ligands, whereas the 
two peripheral platinum atoms are formally neutral and. 
as defined above, bif unctional . 

W095/26968 describes tri-platinum complexes in 
which the three platinum atoms are linked by diamine 
chains and in which the central platinum atom 
coordinates four neutral ligands, whereas the two 
peripheral platinum atoms coordinates each three neutral 
ligands and one ligand having -1 charge. 

Such compounds have an overall charge of +4 and in 
particular the central platinum atom bears a formal 
charge of +2 and the two periferal platinum atoms bear a 
formal charge of +1 each. Moreover, the two periferal 
platinum atoms are monof unctional . 

We have now found that by increasing the number of 
platinum cores linked by diamine ligands, new platinum 
complexes endowed with high antitumor activity are 
obtained . 

In particular, the invention relates to tetra- and 
penta-platinum complexes of formula (I): 

[PtXL2NH2-(CH2)„- NH2 -(PtLjNHi -(CH2)„-NH2 )„,PtXL2r.q/z A"^ (I) 
wherein 

n is an integer from 2 to 7 ; 
m is the integer 2 or 3; 

X is selected in the group consisting of chlorine. 
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bromine , iodine , ( C-^-C^ ) alkyl-carboxylate , di- ( C-^-C^ ) al- 
kylsulf oxide; 

L is independently selected in the group consisting 
of ammonia, ( C^-Cg )alkyl-amine , di(Cj^-Cg )alkyl-amine or 
5 is an. heterocylcle selected in the group consisting in 
pyridine, quinoline, isoquinoline , imidazole, thiazole, 
pyrimidine, purine, acridine, pyrazole, benzimidazole , 
benzothiazole . 

is a pharmaceutically accetable anion. 
10 The complex's charge +q depends both on the number 

of the platinum cores present and on the nature of the X 
ligand. In particular, when the .X ligand is a group 
bearing a negative charge, then the charge +q is given 
by the formula 
15 q = 2m + 2 

in which m is as above defined. 

However, when the X ligand is a neutral molecule, 
then the charge +q is determined by the following 
formula 

20 q = 2m + 4 

The expert of the art will appreciate the fact that 
the ligands may be in cis or trans position with respect 
to the platinum atom: 



25 



trans , 

cia 



30 



In the present invention are included all the 
possible isomers, enantiomers and diastereoisomers of 
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the compounds of formula (I). More particularly, 

compounds of formula (I) in which m is the integer 2 and 

3 respectively, are represented by the general formulae 
(la) and (lb): 



< 



MH,— tCK, 



(la) 



.£^q'/z A" 



\ 

'pi 

L IIH3 



X/- X 'X" 



.8+q' /zA" 



(lb) 



wherein X, L and have the meanings above defined, n 

is an integer which independently ranges from 2 to 7 and 
q* is 0 if X is a ligand with -1 charge or the integer 2 
if X is a neutral ligand. 

The stereochemistry of the ligands in the formulae 
(la) and (lb) is just indicative, being encompassed in 
the invention, as said above, all the possible 
stereoisomers . 

The X ligands are preferably selected in the group 
consisting of chlorine, bromine and iodine. 

The ligands L are preferably ammonia. 

is preferably selected in the group consisting 
of chloride, bromide, iodide, nitrate. sulfate, 
hydrogensulf ate , perchlorate . 

Tetra- and penta-platinum complexes having the same 
n value inside the molecule, that is in which the 
various platinum cores are linked by the same diamine, 
are preferred. 
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Preferred compounds of formula (I) are those in 
which the ligands are in position trans with respect to 
the platinum atom. 

Particularly preferred compounds of formula (I) are 
5 those in which X is selected in the group consisting of 
chlorine, bromine and iodine, L is ammonia and PT^ is 
selected in the group consisting of chloride, bromide, 
iodide, nitrate, sulfate, hydrogensulf ate , perchlorate 
and in which the stereochemistry of platinum core's 
10 ligands is trans* 

Even more particularly preferred compounds of 
formula (I) are those in which, in addition to the above 
limitations, n is the integer 6. 

The present invention encompasses also methods for 
15 obtaining the compounds of formula (I). 

The compounds of formula (la) are prepared 
according to scheme 1. 
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Scheme 1 



(ID 



AgNOg 



DMFpf 



L '^<0)DMF 



H.N'^ NHBOC 
^ (III) 



BOChn HjN L 



L NHj NHBOC 

(IV) 



4+ 



4NO3- 



HCI 



H2O 



>N NH 



n 4+ 



cr 



4cr 



AgN03 



H2O 



4NO3- 



(V) 



2 

(Va) 



(la) 



(6+q*) N03- 



HCI 



Pt >t ^Pt 



- ♦ (6+q*) 

(6+q') cr 



(la) 
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In particular, such a synthesis scheme comprises 
the following steps: 

(a) activation of the bis-platinum complex of formula 
(II) through substitution of the two chlorine atoms 
with two molecules of dimethylf ormamide and 
subsequent reaction of the so obtained intermediate 
with two equivalents of mono-protected diamine of 
formula (III), to give the intermediate of formula 
(IV); 

(b) removal of the two protecting groups of the amines 
from intermediate of formula (IV) and subsequent 
optional exchange of the counterion so obtained 
with nitrate ion to give the intermediate of 
formula (V); 

(c) reaction of the intermediate of formula (V) with 
two equivalents of platinum complex of formula (Va) 
to give compounds of formula (la); 

(d) optional transformation of one compound of formula 
(la) into another compound of formula (la) having a 
different counterion, by means of exchange reaction 
of said counterion with the wanted anion. 

The compounds of formula (II) are known and can be 
prepared according to the method described in WO 
91/03482, which encompasses the reaction of two 
equivalents of trans- or cis-platinum with a a ,u>- 
alkanediamine in water overnight. 

The compounds of formula (Va) can be prepared from 
the known platinum complexes of formula [PtClXL2] 
according to the method described in WO 95/26968. 

The compounds of formula (lb) can be prepared 
according to scheme 2. 
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Scheme 2 



NHj NHBOC 



A0NO3 



<V1) 



^NHj NHBOC 



_,*(3*q*y2) 



NHj NHBOC 



(vii) 



HCl 



(3*q'/2)N03=- 



H2O 



2* 

2NO3- 



(VI«) 



K /NH, NH,CI 



P*q'/2)Cr 



10 



A0NO3 



MeOH 



L NH, ^ L 



NO3- 



(VIII) 



(3*q*/2) 
(3*q*/2)N03- 



L 



1 



^(0)DMeJ 



2+ 

2N03- 



(VlXIa) 



15 



"nH, H^^ ^NH, L X 

* (lb) 



1 *(8*q*) 
(8+q') N03- 



20 



HCl 



pt > ><r > 

^NH, H^^ " ^ 



.NH, NH,^ L 



NH, ut( L' 



(lb) 



^(8*q') 

(©♦q') or 



In particular^ Such a synthesis scheme comprises 
the following steps: 

(e) activation of the intermediate of formula (VI) 
25 through exchange of one chlorine atom with a 

molecule of dimethylf ormamide and subsequent 
reaction of the intermediate so obtained with one 
equivalent of intermediate of formula (Vla)^ to 
give the complex of formula (VII); 
30 (f) removal of the aminic protecting group from the 
complex of formula (VII) and subsequent exchange 
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reaction of the counterion so obtained with nitrate 
ion, obtaining the intermediate of formula (VIII); 

(g) reaction of two equivalents of intermediate (VIII) 
with one equivalent of platinum complex of formula 
(Villa) to give a compound of formula (lb); 

(h) optional transformation of one compound of formula 
(lb) into another compound of formula (lb) having a 
different counterion by means of exchange reaction 
of said counterion with the wanted anion. 

The compounds of formula (VI) can be prepared from 
the known platinum complexes of formula [PtC12L2] 
according to the method described in WO 95/26968. The 
compounds of formula (Via) can be prepared from the 
corresponding compounds of formula (VI) by removal of 
the aminic protecting group. The reaction scheme is the 
same if X is different from chlorine. In this latter 
case the starting complex will be [PtClXL2]. 

The compounds of formula (Villa) can be prepared 
starting from the known platinum complexes of formula 
[PtC12L2] as described in WO 95/26968. 

The stereochemistry shown in schemes 1 and 2 is 
just indicative, being possible to obtained the wanted 
stereochemistry starting from the suitable mono-platinum 
complex intermediate . 

The expert in the field will appreciate the fact 
that in intermediates of formula (III) and (VI), 
alternatively to the BOC ( tert-butoxycarbonyl ) group, 
can be used other known protecting groups of primary 
amines, such as those reported in Green, T.W., Wuts , 
P.G.M., "Protective Groups in Organic Synthesis", second 
edition, John Wiley & Sons, 1991. 
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15 



20 



25 



In the case the protecting group which is used is 
the tert-butoxycarbonyl group, reaction conditions for 
its removal are those which encompass the use of 
inorganic acids (for example, hydrochloric acid) or 
organic acids (for example, tr if luoroacetic acid), 
optionally in water medium. Preferred conditions are 
those which encompass the use of hydrogen chloride in 
alcoholic solution. 

Activation reaction of the platinum complexes with 
dimethylf ormamide and subsequent reaction for the 
formation of Pt-N bonds are performed according to the 
methods described in WO 95/26968. In particular, 
preferred conditions for the activation reaction are 
those which encompass the use of dimethylf ormamide as 
the solvent and slight excess of silver nitrate with 
respect to the platinum complex equivalents, at 
temperatures ranging from room temperature to 40 'C. 
Preferred conditions for the reaction of formation of 
the Pt-N bond are those which encompass the use of a 
dipolar aprotic solvent such as dimethylf ormamide and at 
temperatures ranging from -20'*C to 50 "C. 

An alternative process for the preparation of the 
complexes of formula (lb) encompasses the reaction of 
the intermediate of formula (IX): 



(CH^)n 




. 4N0^ " 



(IX) 



(CH^)!! 



NH3 



with two equivalents of ontermediate of formula (VI), to 
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give, after removal of the aminic protecting group 
present, the tri-platinum complex of formula (X): 



(CH,)r 



-HK, 



■ {CH,Jn NH, 



<CH,>n- 



.•/XA* 



(X) 



The intermediate (X) is then submitted, if 
necessary, to an exchange reaction of the anion with 
nitrate anion and finally it is reacted with two 
equivalents of intermediate of formula (Va), to give the 
compounds of formula (lb). The intermediate of formula 
(IX), if L is ammonia, is known or in any case can be 
prepared as described in WO 95/26968 -The compounds of 
the invention are endowed not only with a high antitumor 
activity, but also with a low toxicity and therefore 
their therapeutic index is particularly favourable. 

The compounds of the invention were evaluated "in 
vitro" for their cytotoxix effect on various tumor cell 
lines, among which L-12lb, A2780 or L-1210 and A2780 
resistent to cis-platin. Table I shows a comparison data 
between one compound of the invention and some prior art 
compounds . 
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Table I - "in vitro" cytotoxic activity against murine 
leukemia L1210 



Compound 


type 


IC5, 


t,t,t,t,t-Ll*tCl(NH3)2H3N-(CH2)6-NHiPt(NH3)2HjM-(CHj)«- 

NH2Pt(NH3)2H2N-(CHj)6-NH2R(NH3)jH2N-(CH2)6- 

NH2PtCl(NH3)2]*'.8Cr 


penta- 

R 


0.3 


t,t,l-[PtCl(NH3)2H2N(CH2)6NH2Pt(NH3)2H2N(CH2)6NH2 

PtCI(NH3)2r"'- 4NO3* 


tri-Pt 


0.38 


t,t-rRCl(NH3)2H2N-(CH2)6->fH2PtClCNH3)2r' .2N03" 


bis-Pt 


2.3 


cis-platin (CDDP) 


mono- 
Pt 


0.9 



From the data reported in Table I it can be seen a 
steady increase in the activity from mono-/bis-platinum 
complexes to tri- and penta-platinum complexes • Moreover , 
the compounds of the invention were evaluated in an "in 
vivo" test in which L-1210 tumor is inoculated intra 
peritoneum in the rat and the compound is administered 
intra peritoneum after 24, 120 and 216 hours from the 
tumor inoculation. The compounds of the invention showed 
a high cytotoxic affect on both the experimental models. 

The platinum complexes of the present invention 
resulted particularly active when administered in 
association with other platinum complexes, showing 
synergic effect with them. 

The compounds of formula (I), when administered to 
men and animals bearing tumors susceptible of treatment 
with platinum complexes, in doses ranging from 1 mg to 
1.2 g per square metre of body area, are able to induce 
the regression of the said tumor forms. 

The effective dosage of the compounds of the 
invention can be determined by an expert clinician with 
known and conventional methods. The correlation between 
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the dosages used with animals of various species and 
size and with the human (on the base of mg/m2 of body 
area) is described in Freirech, E.J. et al.. 
Quantitative Comparison of Toxicity of Anticancer Agents 
5 in Mouse, Rat, Hamster, Dog, Monkey and Man, Cancer 
Chemother. Rep., 50, N. 4, 219-244 (1966). 

Usually however dosages of the complex from 1 to 
1200 mg/kg will be administered to the patient, with a 
dosage regimen which will vary depending on several 

10 factors well known to the clinician expert in the art. 

Sometimes it will be advantageous to administer the 
platinum complex of the present invention with one or 
more agents which enhance the antitumor activity or 
which decrease the undesirable side effects of the 

15 platinum complex. For example, the platinum complexes of 
the present invention may be administered along with 
reduced glutathione, as described in GB 2174905 and U.S. 
4,871,528. 

The tumors in the patients which can be treated 
20 with the platinum complexes of the present invention are 
those tumors which are. known to be susceptible to cis- 
platin therapy. The complexes of the present invention 
are also active against certain tumor resistant to cis- 
platin . 

25 More generally, the compounds of the invention can 

be used for the treatment of the same pathologies for 
which cis-platin is used. This includes the treatment of 
tumors, sensitization or enhancement of radiation 
[Douple et al., Cisplatin Current Status and 

30 Developments, Ed. A.W. Prestayk et al.. Academic Press, 
125 (1980); Douple et al.. Platinum Metals Res., 29, 118 
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(1985)] and the treatment of parasytic illnesses such as 
sleeping sickness [Farrell et al . , Biochem. Pharmacol., 
33, 961 (1984)]. 

The regimen of treatment can be suitably varied as 
it is well known to the clinician expert in the treatmet 
of the tumor forms, depending on the kind of the tumor 
to be treated and on the conditions of the patient. 

The compounds of the invention are preferably 
administered as sterile aqueous solutions. The solution 
are preferably administered via endovenous or intra- 
arterial route, although other administration forms may 
be suitable in particular cases. 

The pharmaceutical forms which can be used for 
parenteral administration encompass sterile aqueous 
solutions or sterile powders for the extemporaneous 
preparation of the solutions, as well as oily 
preparations for intramuscular or intraperitoneal 
administration. 

Other suitable pharmaceutical forms can be syrups 
or similar liquid forms, as well as solid forms such as 
tablets, capsules or the like. 

Other possible examples of suitable pharmaceutical 
forms for example are those reported in Remington's 
Pharmaceutical Sciences . 

The following examples further illustrate the 
invention . 
PREPARATION 1 

N-BOC hexanediamine is prepared starting from its 
hydrochloride salt, which is a commercial product. 

2.1 g of N-BOC hexanediamine hydrochloride are 
dissolved in ethyl ether (20 ml) and treated under 
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stirring with 16 ml of a 1 N sodium hydroxide aqueous 
solution. 

The organic phase is then washed with brine , dried 
over sodium sulfate and the solvent is evaporated under 
5 reduced pressure, obtaining N-BOC hexanediamine free 
base in theoretical yield. 
PREPARATION 2 

Synthesis of trans- [PtCl ( NH3 ) 2^2^^ ^ ^^2 ^ 6"^^"®^^ ^ "^^^3" 
- intermediate (VI) 

10 2 g of trans-platin are dissolved in 133 ml of 

anhydrous dimethylf ormamide and are added with 1.13 g of 
silver nitrate. The reaction mixture is kept under 
stirring shielded from the light for 18 hours. After 
such a time, the precipitated silver chloride is removed 

15 by filtration and the clear filtrate is cooled to -20*C 
and added with a solution of N-BOB-1 , 6-hexanediamine 
(1.36 g) in 40 ml of anhydrous DMF. The addition lasts 
for about 30 minutes- The solution is kept under 
stirring at -20 for 3 hours and at room temperature 

20 for 1 hour. The solvent is then evaporated under reduced 
pressure and the residue is treated with 200 ml of ethyl 
ether, kept under stirring for 20 minutes, then it is 
filtered. The resulting solid is dissolved in 200 ml of 
methanol and kept under stirring for 1 hour in order to 

25 eliminate any traces of trans-platin by precipitating 
it. The separated trans-platin is eliminated by 
filtration and the solution is treated with active 
carbon, it is filtered again and finally the solvent is 
evaporated under reduced pressure. The residue is 

30 treated with acetone (100 ml) and filtered to give 2.3 g 
of the product. 
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Elemental analysis (calcd/found %): C 24.33/24.05; H 
5.57/5.64; N 12.90/12.84; CI 6.53/6.40; Pt 35.93/36.06. 
^^Spt-NMR in DMF/d7-DMF: -2433 ppm 
PREPARATION 3 

5 Synthesis of trans- [PtCl ( NH3 ) 2H2N- ( CHj ) s-NHg ] 2+ 2NO3- 
- intermediate (Via) 

To a solution of 1.5 g of [PtCl( NH3 ) 2H2N- ( CH2 ) 5-NH- 
BOCl+NOg- in 150 ml of methanol are added 21 ml of 6.5 M 
hydrogen chloride solution in ethanol. The reaction 
10 mixture is kept under stirring for 24 hours at room 
temperature, then the solid is filtered, washed on the 
filter with methanol and ethyl ether and finally it is 
dried. 

The solid so obtained is dissolved in 180 ml of 
15 methanol and added with a solution of silver nitrate 
(0.825 g) in 45 ml of methanol. The reaction mixture is 
kept under stirring at room temperature for 30 minutes, 
the silver chloride is eliminated by filtration and the 
clear filtrate is evaporated to dryness. The residue is 
20 treated with acetone, kept under stirring for 15 
minutes, filtered and dried, to give 0.925 g of the 
product . 

Elemental analysis (calcd/found %): C 14.16/14.19; H 
4.58/4.66; N 16.61/16.62; CI 7.01/6.91; Pt 38.57/36.10. 
25 l^^Pt-NMR in DMF/d7-DMF: -2433 ppm 
PREPARATION 4 

Synthesis of trans- [ BOCNH- ( CHj ) g-NH2-Pt ( NH3 ) 2H2N- ( CH2 ) 5- 
NHB0C]2+ 2NO3" - intermediate (IX) 

To a suspension of i.028 g of trans-platin in 35 ml 
30 of anhydrous dimethylf ormamide are added 1.16 g of 
silver nitrate. The reaction mixture is heated at 60*C, 
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shielded from the light, for 5 hours, then the 
precipitated silver chloride is removed by filtration. A 
solution of N-BOC-1 , 6-hexanediamine (1.48 g) in 5 ml of 
dimethylf ormamide is then added and the . resulting 
reaction mixture is kept at room temperature overnight. 
By diluting with 300 ml of ethyl ether a white solid 
separates which is filtered, redissolved in methanol and 
filtered through a 0.2 micron Millex filter to remove 
the traces of silver salts. The methanolic solution is 
then diluted with ethyl ether, A white solid 
crystallizes; which is filtered and dried, obtaining 
1.94 g of the product. 

Elemental analysis (calcd/found %): C 33.63/33.44; H 
6.93/7.00; N 14.26/14.30; Pt 24.83/25.06. 
^^Spt-NMR in DMF/d7-DMF: -2687 ppm. 
PREPARATION 5 

Synthesis of trans- [NH3- ( CH2 ) 5-NH2-Pt ( NH3 ) 2H2N- ( CH2 ) 5- 
NH3]4+ 4C1- 

500 mg of trans- [BOC-NH- ( CH2 ) s-NHj-Pt ( NH3 ) 2H2N- 
(CH2 ) 5-NH-BOC]2+2N03" are dissolved in 50 ml of methanol 
and added with 5 ml of 6.5 M hydrogen chloride solution 
in ethanol. The reaction mixture is kept under stirring 
at room temperature for 42 hours, then the solid is 
filtered and washed with ethyl ether, obtaining 340 mg 
of the product. 

Elemental analysis (calcd/found %): C 23.81/23.14; H 
6.66/6.73; N 13.88/13.51; CI 23.42/22.03; Pt 
32,23/31.68. 

195pt_j^MR in water: -2674 ppm. 
PREPARATION 6 

Synthesis of cis- [ BOC-NH- ( CH2 ) 5-NH2-Pt ( NH3 ) 2H2N- ( CH2 ) 5- 
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NH-BOC]2+2N03" - intermediate (IX) 

To a solution of cis-platin (3 g) in 100 ml of 
dimethylf ormamide , kept at room temperature, under 
stirring and in inert gas atmosphere, 3.4 g of silver 
nitrate are added. After 19 hours at room temperature, 
the precipitated silver chloride is eliminated by 
filtration by passing the suspension through a cellulose 
filter placed over a microfibre filter, then through a 
double microfibre filter. The yellow solution so 
obtained is kept under stirring and added with a 
solution of 4.54 g of N-BOC hexanediamine in 12 ml of 
dimethylf ormamide . After keeping it under stirring 
overnight, the resulting reddish mixture is decoloured 
with active carbon (1.5 g), filtered and the solvent is 
eliminated by evaporation under reduced pressure. The 
residue (dark yellow oil)is redissolved in 60 ml of 
methanol and filtered through 0.2 micron Millex filter. 
The clear solution is evaporated to dryness and the 
yellow oily residue is treated with 350 ml of ethyl 
ether. By filtering the sprecipitated solid in drying it 
in an oven, 6.94 g of the product are obtained. 
Elemental analysis (calcd/found %): C 33.63/33.48; H 
6.93/6.99; N 14.26/14.17; Pt 24.83/25.13. 
195pt-NMR in d7-DMF: -2681 ppm. 
PREPARATION 7 

Synthesis of cis- [NH3- ( CHg ) ^'^^^2'^^ ^ ^^3 ^ 2^2^" ^ ^^2 ^ 6" 
NH3]4+ 4C1- 

To a solution of cis-[BOC-NH-(CH2)5-NH2- 
Pt (NH3)2H2N-(CH2)6-NH-BOC32+2N03"' (100 mg) in 1 . 5 ml of 
methanol, kept under stirring and at room temperature, 
1.39 ml of a 4.11 N hydrogen chloride solution in 



wo 99/01462 



Pag e 22 of 41 



WO 99/01 462 PCT/EP98/04057 



20 

ethanol are added. After about 1 hour a solid begins to 
separate, which from white changes to yellowish colour. 
After 23 hours the solid is filtered, washed on the 
filter with the mother liquors and then with ethyl ether 
5 and finally it is dried in an oven at 40"C overnight. 62 
mg of the product are obtained. 

Elemental analysis (calcd/found %): C 23.81/23.10; H 
6.66/6.21; N 13.88/13.57; CI 23.42/22.69; Pt 
32.23/32. 92. 
10 PREPARATION 8 

Synthesis of trans-EPtClCNHg )2 (DMF ) ]+ .N03"* - interme- 
diate (Va) 

To a solution of trans-platin (2 g) in 210 ml of 
anhydrous dimethylf ormamide 1.13 g of silver nitrate are 
15 added and the reaction mixture is kept in the darkness 
at room temperature for 24 hours. The formed silver 
chloride is eliminated by filtration and the clear 
solution is used as such in the subsequent reaction. 
PREPARATION 9 

20 Synthesis of trans- [Pt ( NH3 )2 ( DMF )2 ] . 2NO3" - interme- 
diate (Villa) 

61 mg of trans-platin are suspended in 5.8 ml of 
anhydrous dimethylf ormamide and are added with 69.1 mg 
of silver nitrate. The reaction mixture is kept under 
25 stirring in the darkness and at 65**C for 6 hours, then 
it is cooled to room temperature and the precipitated 
silver chloride is removed by filtration. The clear 
solution is used as such in the subsequent reaction. 
PREPARATION 10 

30 Synthesis of trans- [NH3- ( CH2 ) 5-NH2-Pt ( NH3 ) 2H2N- ( CH2 ) 5- 
NHgD^^ 4NO3- 
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To a solution of 12 g of trans- [ NH3- ( ) 5-NH2- 
Pt(NH3)2H2N-{CH2)5-NH3]^+ 401" (preparation 5) in 395 ml 
of distilled water 13.46 g of silver nitrate are added 
and the reaction mixture is kept in the darkness under 
5 ^ stirring for 30 minutes, then it is filtered. The 
filtrate is concentrated to 45 ml and added with 1.2 1 
of acetone. After 1 hour under stirring the formed solid 
is filtered and washed on the filter with 50 ml of 
acetone, obtaining 13.68 g of the product. 

10 EXAMPLE 1 

Synthesis of t , t- [ BOCNH- ( CH2 ) 5-NH2-Pt ( NH3 ) 2-H2N- ( CH2 ) 5- 
NH2-Pt ( NH3 ) 2-H2N- ( CH2 ) 5-NHBOC ] +4 , 4NO3- - intermediate 
(IV) . . 

462 mg of t , t- [ PtCl ( NH3 ) 2-H2N- ( CH2 ) 6-NH2- 

15 PtCl(NH3)2]'*"^.2N03~ (prepared according to the method 
described in WO 91/03482) are dissolved in 13 ml of 
anhydrous dimethylf ormamide, by heating at 50 "C, then 
204 mg of silver nitrate are added to the solution and 
it is kept under stirring at 50*C and shielded from the 

20 light for about 1 hour. The reaction mixture is cooled 
and filtered, then it is added with a solution of mono- 
BOC-1 , 6-hexanediamine (285 mg; preparation 1 ) in 2 ml of 
anhydrous dimethylf ormamide . The reaction mixture is 
kept under stirring at room temperature overnight, then 

25 it is diluted with about 25 ml of tert-butyl methyl 
ether. After 2 hours under stirring the formed solid is 
filtered, washed on the filter with tert-butyl methyl 
ether and dried under vacuum at 40 to give 680 mg of 
the product. 

30 EXAMPLE 2 

Synthesis of t , t- [NH3- ( CHj ) 6-NH2-Pt { NH3 ) s^HjN- 



I 
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( CHj ) 6-NH2-Pt ( NH3 ) 2'-H2N- ( CH2 ) ^ ^ • ^^^3- - interme- 

diate (V) 

To a suspension of t , t- [BOCNH- { CH2 ) 5-NH2-Pt ( NH3 ) 
H2N-(CH2)5-NH2-Pt(NH3)2-H2N-(CH2)5-NHBOC]+4. 4N03~ (680 
mg; example 1) in 35 ml of methanol 12 ml of 
concentrated hydrochloric acid are added and the 
reaction mixture is kept under stirring over night. The 
mixture is then diluted with tert-butyl methyl ether and 
kept under stirring overnight. 440 mg of the product as 
hydrochloride salt are obtained by filtration. 

The solid so obtained is dissolved in 25 ml of 
water and added with 440 mg of silver nitrate. After 40 
minutes under stirring in the darkness, the reaction 
mixture is filtered and the solvent is evaporated under 
reduced pressure. The residue is treated with tert-butyl 
methyl ether, kept under stirring for 30 minutes, 
filtered and dried under vacuum at 40*'C to give 470 mg 
of the product . 
EXAMPLE 3 

Synthesis of t , t , t , t- [PtCl ( NH3 ) 2H2N- ( CH2 ) 5-NH2Pt- 

( NH 3 ) 2H2N- ( CH2 ) 6-NH2Pt ( NH3 ) 2H2N- ( CH2 ) 5-NH2PtCl- 
{NH3)2]"^^-6C1- .3H2O - compound (la) 

Ta solution of the intermediate of the example 2 
(470 mg ) in 5 ml of anhydrous dimethylf ormamide 0.865 ml 
of 0.92 N sodium hydroxide solution in methanol are 
added under stirring. After 5 minutes the resulting 
mixture is added with 32.5 ml of the solution containing 
mono-activated trans-platin (preparation 8). After one 
night under stirring, the reaction mixture is poured 
into 60 ml of tert-butyl methyl ether. After 1 hour 
under stirring, the formed solid is filtered. 
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redissolved in 0.1 N hydrochloric acid (25 ml) at 45*C, 
then it is cooled to 30 and added with 50 mg of active 
carbon. After 45 minutes under stirring the solution is 
filtered to eliminate the carbon, then it is added with 
310 mg of concentrated hydrochloric acid, by cooling to 
5**C with water/ice. After 1 night under stirring at room 
temperature, the white crystal is filtered, washed on 
the filter with 0.1 N hydrochloric acid and then with 
acetone and dried under vacuum at 40 "C. The product so 
obtained is purified by silica gel chromatography, then 
it is dissolved in a 0.008 N sodium chloride solution (8 
ml), filtered while warm, cooled and added with 1 ml of 
4 N hydrochloric acid. After 1 hour the solid is 
filtered and dried under vacuum at 40'C to give 55 mg of 
the pure product. 

l^Spt-NMR in d7-DMF: -2400 ppm; -2660 ppm. 

Elemental analysis (% f ound/calcd ) : C 13.46/13.49; H 

4.94/4.91; N 12.13/12.23; CI 17.32/17.69; Pt 

47.63/48.68. 

EXAMPLE 4 

According to the procedures described in the 
examples 1-3, starting from the suitable bis-platinum 
complexes and from the suitable a ,U>-diamines , the 
following tetra-platinum complexes are prepared: 
[ Pt ( MeCOO ) ( NH3 ) 2H2N- ( CH2 ) 5-NH2Pt ( NH3 ) 2H2N- ( CH2 ) 6-NH2Pt- 
( NH3 ) ( CH2 ) 5-NH2Pt ( MeCOO ) ( NH3 ) 2 3 "^"^ • 6C1~ ; 

[PtCl(MeNH2 )2H2N-(CH2)6-NH2Pt(MeNH2 )2H2N-{CH2 )5-NH2Pt- 

( MeNH2 ) 2^2^- ( <^^2 ^ 6"^^2^^^^ ^ MeNH2 ) 2 ^ "^^ • ^^1" 

[Pt { Me2S0 ) ( NH3 ) 2H2N- ( CH2 ) g-NH2Pt ( NH3 ) 2H2N- { CH2 ) 5-NH2Pt- 

( NH3 ) 2H2N- ( CH2 ) 6-NH2Pt ( Me2SO ) ( NH3 ) 2 3 "•"^ . 8C1" ; 

[ PtCl ( Et2NH ) 2^2^" ^ ^"2 ) 6"^^2^^ ( Et2NH ) 2H2N- ( CH2 ) 5-NH2Pt- 
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(Et2NH)2H2N-(CH2 )6-NH2PtCl{Et2NH)2]■*■^.6N03-; 
[ PtCl ( NH3 ) 2H2N- ( CH2 ) 2-NH2Pt ( NH3 ) 2H2N- ( CH2 ) 2-NH2Pt- 
( NH3 ) 2H2N- ( CH2 ) 2-NH2PtCl ( NH3 ) 2 ] • 6C1- ; 
[ PtBr ( NH3 ) 2H2N- ( CH2 ) 7-NH2Pt ( NH3 ) 2H2N- ( CH2 ) 7-NH2Pt- 
5 ( NH3 ) 2H2N- ( CH2 ) 7-NH2PtBr ( NH3 ) 2 ] "^^ . 6NO3- ; 

[PtCl(MeNH2)2H2N-(CH2)4-NH2Pt(MeNH2)2H2N-{CH2)4-NH2Pt- 
( MeNH2 ) 2H2N- ( CH2 ) 4 -NH2PtCl ( MeNHj ) 2 3 "^"^ • 6HSO4- ; 
[Pt{PrCOO) (NH3)2H2N-(CH2 )3-NH2Pt{NH3)2H2N-(CH2)3-NH2Pt- 
(NH3 )2H2N-(CH2 )3-NH2Pt(PrCOO) (NH3 )2]'*"^ • 6C1-; 

10 [PtCl (pyridine )2H2N-(CH2) 6-NH2Pt(NH3) 2H2N-(CH2) 6-NH2pt- 

(NH3 )2H2N-(CH2 )6-NH2PtCl( pyridine ) 2]"*"^ . 601"; 
[PtCl ( imidazole ) 2H2N- ( CH2 ) 6-NH2Pt { NH3 ) 2H2N- ( CH2 ) 6-NH2Pt- 
( imidazole)2H2N-(CH2)5-NH2PtCl( imidazole)2]"^^. 6C1-; 
[PtCl( isoquinoline)2H2N-(CH2 )3-NH2Pt(NH3 )2H2N-(CH2 )3- 

1 5 NH2Pt ( NH3 ) 2H2N- ( CH2 ) 3-NH2PtCl ( isoquinoline ) 2 ] • 601" ; 

[PtCl ( pyrazolG ) 2H2N- ( CH2 ) 7 -NH2Pt { NH3 ) 2H2N- ( CH2 ) 7 -NH2Pt- 
(NH3)2H2N-(CH2 )7-NH2PtCl(pyrazole )2]+^ . 6NO3- . 
EXAMPLE 5 

Synthesis of t , t-[PtCl ( NH3 ) 2H2N- ( CH2 ) 6-NH2Pt ( NH3 )2H2N- 
20 (CH2)5-NHBOC]+3.3N03- - intermediate (VII) 

To a solution of 891 mg of trans- [Ptci ( NH3 ) 2H2N- 
(CH2 )5-NHBOC]+ .NO3- (intermediate (VI) - preparation 2) 
in 20 ml of anhydrous dimethylf ormamide , heated at about 
40°C, 278 mg of silver nitrate are added. After 4 hours 
25 under stirring in the darkness and under nitrogen 
atmosphere, the reaction mixture is filtered. 

To a solution of 830 mg of trans- [PtCl ( NH3 ) 2H2N- 
(CH2)6-NH3]+2.2N03" (intermediate (Via) - preparation 3) 
in 4.5 ml of anhydrous dimethylf ormamide , 1.6 ml of 1.02 
30 M sodium hydroxide solution in methanol are added. After 
about 5 minutes the reaction mixture is added to the 
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clear solution of the activated intermediate (VI). After 
18 hours under stirring the dark mixture is diluted with 
the same volume of tert-butyl methyl ether. After 
additional 30 minutes under stirring 1.57 g of the 
product as a brown crystal are separated by filtration. 
EXAMPLE 6 

Synthesis of t , t-[PtCl ( NH3 ) 2H2N- ( ) 5-NH2Pt ( NH3 ) 2H2N- 
(CH2)5-NH3]+4.4N03 intermediate (VIII) 

A suspension of intermediate (VII) (1.5 g - example 
5) in 45 ml of distilled water is added with 30 ml of 
concentrated hydrochloric acid. After stirring at room 
temperature overnight the reaction mixture is filtered 
and the obtained gummy solid is suspended in methanol 
and kept under stirring for about 30 minutes, obtaining 
650 mg of t , t- [PtCl ( NH3 ) 2H2N- ( CH2 ) 6"NH2Pt ( NH3 ) 2H2N- 
(CH2)5-NH3] +4.401- as a brown solid. 

The solid so obtained is suspended in 6.5 ml of 
distilled water, added with 509 mg of silver nitrate and 
kept under stirring in the darkness for 30 minutes. The 
reaction mixture is then filtered, the filtrate is 
evaporated under reduced pressure and the residue is 
diluted with acetone and kept under stirring overnight. 
By filtration 470 mg of yellow crystal are separated, 
which is redissolved in 12 ml of methanol and added with 
4 ml of 8 N hydrogen chloride solution in ethanol. After 
stirring overnight, the obtained solid is filtered, 
dried and suspended again in distilled water. To such a 
suspension 349 mg of silver nitrate are added and after 
30 minutes under stirring the reaction mixture is 
filtered and the solvent is evaporated off under reduced 
pressure. The residue is suspended in tert-butyl methyl 



wo 99/01462 



PCT/EP98/04057 



26 

ether and kept under stirring overnight, then the solid 
is filtered and dried under vacuum to give 420 mg of 
pure product. 
EXAMPLE 7 

Synthesis of t , t , t , t , t- [ PtCl ( NH3 ) 2H2N- ( CH2 ) 5-NH2Pt- 
( NH3 ) 2H2N- ( CH2 ) 6-NH2Pt ( NH3 ) 2H2N- ( CH2 ) g -NH2Pt ( NH3 ) 2H2N- 
(CH2)g-NH2PtCl(NH3)23'^^.8Cl- - compound (lb) 

A solution of intermediate (VIII) (420 mg - example 
6) in 3 ml of anhydrous dimethylf ormamide is added with 
0.469 ml of 0.92 N sodium hydroxide solution in 
methanol, then such a mixture is added with 4.8 ml of 
solution of bis-activated trans-platin (intermediate 
(Villa) - preparation 9). After 2 nights under stirring 
in the darkness, the reaction mixture is diluted with 
the same volume of tert-butyl methyl ether and after 1 
hour under stirring the formed brown crystal is 
filtered. The solid is dissolved at 40*C in 20 ml of 0.1 
N hydrochloric acid and the solution is filtered while 
warm, then it is decoloured with active carbon (50 mg) . 
The clear filtrate so obtained is added with about 240 
ml of concentrated hydrochloric acid and after 1 hour 
under stirring at about 5*C the white crystal is 
separated by filtration. The crystal is washed on the 
filter with 0.1 N hydrochloric acid and then with 
acetone, then, after purifying it by silica gel 
chromatography and drying it under vacuum, 190 mg of the 
product are obtained. 

^^Spt-NMR in HCl 0.1 N/urea 0.5g/ml: -2417 ppm; -2668 
ppm. 

EXAMPLE 8 

Synthesis of t , t , t- [ BOCNH- ( CH2 ) 5-NH2Pt ( NH3 ) 2H2N- ( CHj ) 5- 
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NH2Pt(NH3 )2H2N-(CH2 )5-NH2Pt(NH3 )2H2N-(CH2 
NHBOC3+6 , 6NO3" 

To a solution of 500 mg of t- [PtCl ( NH3 )2H2N- ( CH2 ) 5- 
NHBOC]"*" . NO3"" (intermediate (VI) - preparation 2) in 15 
ml of dimethylf ormamide 156,4 mg of silver nitrate are 
added and the reaction mixture is kept in the darkness 
and at room temperature for 24 hours, then the mixture 
is filtered to eliminate the precipitated silver 
chloride. 

The resulting solution is added to a solution of 
the intermediate of preparation 10 (310 mg ) in 17 ml of 
anhydrous dimethylf ormamide and 0.872 ml of 1 N sodium 
hydroxide solution in methanol. After 36 hours the 
precipitated product is filtered and washed on the 
filter with dimethylf ormamide and then with tert-butyl 
methyl ether. The mother liquors are diluted with 200 ml 
of ethyl ether and kept 2 hours under stirring., then 
the solid is separated, obtaining 460 mg of the product. 
EXAMPLE 9 

Synthesis of t,t ,t-[H3N-(CH2)5-NH2Pt(NH3 )2H2N-{CH2 
NH2Pt ( NH3 ) 2H2N- ( CH2 ) 6"NH2Pt ( NH3 ) 2H2N- ( CH2 ) q^^^^ ^ ' 8NO3- 
- intermediate (X) 

400 mg of the product- of example 8 are dissolved in 
36 ml of methanol and treated with 2.8 ml of 8 N 
hydrogen chloride solution in ethanol. After 2 days 
under stirring 320 mg of the product as hydrochloride 
salt are separated by filtration. 

300 mg of the compound so obtained are dissolved in 
10 ml of distilled water and treated with 284 mg of 
silver nitrateand the reaction mixture is kept in the 
darkness for 1 hour under stirring. After such a time. 
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the mixture is filtered and the filtrate is added with 
250 ml of acetone. After 2 hours under stirring 290 mg 
of the product are recovered by filtration. 
EXAMPLE 10 

Synthesis of t , t , t , t , t- [PtCl ( NH3 ) 2H2N- ( ) 5-NH2Pt- 
(NH3)2H2N-(CH2)g"NH2Pt(NH3)2H2N-{CH2)5-NH2Pt(NH3 )2H2N- 
(CH2 ) 5'-NH2PtCl(NH3 )2]"*'^-8N03^ - compound (lb) 

To a solution of 250 mg of intermediate (X) 
(example 9) in 15 ml of dimethylf ormaide and 0.29 ml of 
1 N sodium hydroxide solution in methanol, are added 
10.92 ml of solution of t- [PtCl ( NH3 ) 2DMF ] . N03-~ (inter- 
mediate (Va)) obtained according to preparation 8. 

After 5 days under stirring the formed solid is 
filtered and it is washed on the filter with 
dimethylf ormamide and then with methanol. 203 mg of the 
product are obtained. 

Such a compound may then be transformed into the 
corresponding hydrochloride salt as described in example 
7 . 

EXAMPLE 11 

According to the procedures described in the 
examples 5-7 or alternatively in the examples 8-10, the 
following penta-platinum complexes are obtained: 
[Pt(MeCOO) (NH3 )2H2N-(CH2 )5-NH2Pt (NH3 )2H2N-(CH2 ) 5-NH2Pt- 
5 ( NH3 ) 2H2N- ( CH2 ) 6~NH2Pt ( NH3 ) 2H2N- ( CH2 ) 6-NH2Pt ( MeCOO ) - 

(NH3)2]"^^ .6C1-; 

[PtCl(MeNH2 ) 2^2^- ( CH2 > 5-NH2Pt (MeNH2 ) 2^2^" ^ ^^2 > 6""^"2^^" 

( MeNHj ) 2^2^" ^ ^^2 ^ 6~^^2^^ ^ MeNHg ) 2^2^" ^ ^^2 ^ 6"^^2^^^^~ 
(MeNH2)2]'*'^-6Cl"; 

0 [ Pt ( Me2SO ) ( NH3 ) 2H2N- ( CH2 ) 6-NH2Pt ( NH3 ) 2H2N- ( CH2 ) 6-NH2Pt- 

( NH3 ) 2H2N- ( CH2 ) g-NHjPt { NH3 ) 2^2^- ( CH2 ) 5-NH2Pt ( Me2S0 ) - 
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(NH3)2]+S.8C1-; 

[PtCl ( Et 2NH ) 2H2N- ( CH2 ) 6-NH2Pt ( Et2NH ) 2H2N- ( CHj ) 6-NH2Pt- 
( Et 2NH ) 2H2N- ( CH2 ) 6-NH2Pt ( Et2NH ) 2H2N- ( CHj ) g-NHjPtCl- 
(Et2NH)2]"^^.6N03-; 
5 [PtCl ( NH3 ) 2H2N- { CH2 ) 2-NH2Pt ( NH3 ) 2H2N- ( CH2 ) 2-NH2Pt- 

( NH3 ) 2H2N- ( CH2 ) 2-NH2pt ( NH3 ) 2H2N- ( CH2 ) 2-NH2PtCl- 
(NH3)2]+^. 6C1-; 

CPtBr ( NH3 ) 2H2N- ( CH2 ) 7-NH2Pt ( NH3 )2H2N- ( CH2 ) 7-NH2Pt- 
( NH3 ) 2H2N- ( CH2 ) 7-NH2Pt ( NH3 ) 2H2N- ( CH2 ) 7-NH2PtBr- 
10 (NH3)2]'^6. 5NO3-; 

[PtCl (MGNH2 ) 2^2^- ( CH2 ) 4-NH2Pt ( MeNH2 ) 2^2^' ^ ^^2 ) 4-NH2Pt- 
( MeNH2 ) 2H2N- ( CH2 ) 4-NH2Pt ( MeNH2 ) 2H2N- { CH2 ) 4-NH2PtCl- 
(MeNH2)2]'^^.6HS04-; 

[Pt ( PrCOO ) ( NH3 ) 2H2N- ( CH2 ) 3-NH2Pt ( NH3 ) 2H2N- ( CHj ) 3-NH2Pt- 
15 ( NH3 ) 2H2N- ( CH2 ) 3-NH2Pt ( NH3 ) 2H2N- ( CHj ) j-NHjPt ( PrCOO ) - 

(NH3)2]+^.6C1-; 

[PtCl ( thiazole ) 2H2N- ( CH2 ) 4-NH2Pt ( NH3 ) 2H2N- ( CHj ) 4-NH2Pt- 
( NH3 ) 2H2N- ( CH2 ) 4-NH2Pt ( NH3 ) 2H2N- ( CH2 ) 4-NH2PtCl ( thiazo- 
le ) 2 ] . 6HSO4- ; 

20 [PtCl ( quinoline ) 2H2N- ( CH2 ) 5-NH2Pt ( NH3 ) 2H2N- ( CH2 ) 5-NH2Pt- 
( NH3 ) 2H2N- ( CH2 ) 5-NH2Pt { NH3 ) 2H2N- ( CH2 ) g-NH2PtCl ( quinoli- 
ne ) 2 ] . 8N03~ ; 

[PtCl ( pyridine ) 2H2N- ( CH2 ) 6-NH2Pt ( NH3 ) 2H2N- ( CH2 ) 5-NH2Pt- 
( pyridine ) 2H2N- ( CH2 ) 6-NH2Pt ( NH3 ) 2H2N- ( CHj ) g-NHjPtCl ( py- 
25 ridine )2]"*"8 . 8C1~; 

[PtCl ( benz imidazole ) 2H2N- ( CH2 ) g-NH2Pt ( NH3 ) 2^2^~ ^ ^^2 ^ 6~ 
NH2Pt ( NH3 ) 2H2N- ( CH2 ) g-NH2Pt ( NH3 ) 2H2N- ( CH2 ) g-NHjPtCl ( ben- 
zimidazole ) , ]"*"8 . 8N03~ . 
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CLAIMS 

1 . Compounds of formula ( I ) : 

[PtXL2NH2-(CH2)„- NH2 -(PtL2NH2 -(CH2)„-NH2 )„,PtXL2]*^q/z A'^ (I) 

wherein 

n is an integer from 2 to 7; 
m is the integer 2 or 3; 

X is selected in the group consisting of chlorine, 
bromine , iodine , { C^-C^ ) alkyl-carboxylate , di- ( C-j^-C^ ) - 
alkylsulf oxide ; 

L is independently selected in the group consisting 
of ammonia, ( C^-Cg ) alkyl-amine , di ( C-j^-Cg ) alkyl-amine or 
is an heterocylcle selected in the group consisting in 
pyridine, quinoline, isoquinoline , imidazole, thiazole, 
pyrimidine, purine, acridine, pyrazole, benzimidazole , 
benzothiazole . 

A"^ is a pharmaceutically accetable anion, racemic 
mixtures, enantiomers and diasteroisomers thereof. 

2. Compounds according to claim 1, in which m is the 
integer 2. 

3. Compounds according to claim 1, in which m is the 
integer 3 . 

4. Compounds according claims 1-3, in which X is 
selected in the group consisting of chlorine, bromine 
and iodine. 

5. Compounds according to claims 1-3, in which L is 
ammonia . 

6. Compounds according to claims 1-3, in which h"^ is 
selected in the group consisting of chloride, bromide, 
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iodide, nitrate, sulfate, hydrogensulf ate , perchlorate. 

I. Compounds according to claims 1-6, in which the 
various platinum cores of the same molecule are linked 
by the same a ,W-alkanediamine . 

8. Compounds according to claim 7, in which n is the 
integer 6. 

9. Compounds according to claims 1-8, in which the 
stereochemistry of the platinum atoms is trans. 

10. Compounds according to claim 1, in which: 

- X is selected in the group consisting of chlorine, 
bromine and iodine; 

- L is ammonia; 

- A"^ is selected in the group consisting of chloride, 
bromide, iodide, nitrate, sulfate, hydrogensulf ate , 
perchlorate, and in which the stereochemistry of the 
ligands of the platinum atoms is trans. 

II. Compounds according to claim 1, of formula: 

t , t , t , t- [ PtCl ( NH3 ) 2H2N- ( CH2 ) 6-NH2Pt ( NH3 ) 2H2N- 
(CH2 )5-NH2Pt(NH3)2H2N-(CH2 )5-NH2PtCl(NH3 )2]'^^. 6C1~ 
. 3H2O; 

t , t , t , t , t- [PtCl ( NH3 ) 2H2N- ( CH2 ) 5-NH2Pt ( NH3 ) 2H2N- 

( CH2 ) 5-NH2Pt ( NH3 ) 2H2N- ( CH2 ) 5-NH2Pt ( NH3 ) 2^2^- ( CH2 ) 5- 

NH2PtCl(NH3 )2]*^8.8C1-*; 

t , t , t , t , t- [PtCl ( NH 3 ) 2H2N- ( CH2 ) 5-NH2Pt ( NH3 ) 2H2N- 

( CH2 ) 5-NH2Pt ( NH3 ) 2H2N- ( CH2 ) g-NH2Pt ( NH3 ) 2H2N- ( CH2 ) 5- 

NH2PtCl ( NH3 ) 2 ] "*"8 • 8N03" . 
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12. Process for the preparation of compounds of formula 
(la): 

+ (6+q') 



Pi 

L ''NH, ••2' 



n ^Pt 



(la) 



(6-K|')/zA' 



whereinn is an integer from 2 to 7 ; 
m is the integer 2 or 3; 

X is selected in the group consisting of chlorine, 
bromine, iodine, (C^^-C^ )alkyl-carboxylate , d.\-{C^-Z^ )al- 
kylsulf oxide; 

L is independently selected in the group consisting 
of ammonia, ( C-j^-Cg )alkyl-amine , di(C^-Cg )alkyl-amine or 
is an heterocylcle selected in the group consisting in 
pyridine, quinoline, isoquinoline , imidazole, thiazole, 
pyrimidine, purine, acridine, pyrazole, benzimidazole , 
benzothiazole; 

A"^ is a pharmaceutically accetable anion, racemic 
mixtures, enantiomers and diasteroisomers thereof, which 
comprises the following steps: 

(a) activation of the bis-platinum complex of formula 
•(II) through substitution of the two chlorine atoms 

with two molecules of dimethylf ormamide and 
subsequent reaction of the so obtained intermediate 
with two equivalents of mono-protected diamine of 
formula (III), to give the intermediate of formula 
(IV); 

(b) removal of the two protecting groups of the amines 
from intermediate of formula (IV) and subsequent 
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optional exchange of the counterion so obtained 
with nitrate ion to give the intermediate of 
formula (V); 

(c) reaction of the intermediate of formula (V) with 
two equivalents of platinum complex of formula (Va) 
to give compounds of formula (la); 

(d) optional transformation of one compound of formula 
(la) into another compound of formula (la) having a 
different counterion, by means of exchange reaction 
of said counterion with the wanted anion. 

13. Process for the preparation of compounds of formula 
(lb): 



/\ /\ y\ 

\^_,CH„„_^ HH,-(CK,)«-M< HH,-<CK.)«-KH,/ ^ (CH,»n-H< L 

(lb) 



. S+q'/zA" 



wherein 

n is an integer from 2 to 7; 
m is the integer 2 or 3; 

X is selected in the group consisting of chlorine, 
bromine , iodine , ( C^-C^ ) alkyl-carboxylate , di- ( C^-C^ ) al- 
kylsulf oxide; L is independently selected in the group 
consisting of ammonia, ( C^-Cg ) alkyl-amine , di(C^-Cg)- 
alkyl-amine or is an heterocylcle selected in the group 
consisting in pyridine, quinoline, isoquinoline , 
imidazole, thiazole, pyrimidine, purine, acridine, 
pyrazole , benzimidazole , benzothiazole . 

is a pharmaceutically accetable anion, racemic 
mixtures, enantiomers and diasteroisomers thereof, which 
comprises the following steps: 
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(a) activation of the intermediate of formula (VI) 
through exchange of one chlorine atom with a 
molecule of dimethylf ormamide and subsequent 
reaction of the intermediate so obtained with one 
equivalent of intermediate of formula (Via), to 
give the complex of formula (VII); 

(b) removal of the aminic protecting group from the 
complex of formula (VII) and subsequent exchange 
reaction of the counterion so obtained with nitrate 
ion, obtaining the intermediate of formula (VIII); 

(c) reaction of two equivalents of intermediate (VIII) 
with one equivalent of platinum complex of formula 
(Villa) to give a compound of formula (lb); 

(d) optional transformation of one compound of formula 
(lb) into another compound of formula (lb) having a 
different counterion by means of exchange reaction 
of said counterion with the wanted anion, 

14. Process for the preparation of compounds of formula 
(lb): 



\/ /\ /\ /\ 

U/ V-tCH,Jn~ll,C «S-CCH,,n-mif MK,-(CH,)n-KH,/ ^^^^.^^^^ 

(lb) 



.8+q'/2A"2 



wherein 

n is an integer from 2 to 7; 
m is the integer 2 or 3; 

X is selected in the group consisting of chlorine, 
bromine , iodine , ( C-j^-C^ ) alky 1-carboxy late , di- ( C^^-C^ ) al- 
kylsulf oxide; 

L is independently selected in the group consisting 
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of ammonia, ( 0^-03 )alkyl-amine, di ( C-j^-Cg ) alkyl-amine or 
is an heterocylcle selected in the group consisting, in 
pyridine, quinoline, isoquinoline , imidazole, thiazole, 
pyrimidine, purine, acridine, pyrazole, benzimidazole , 
benzothiazole . 

is a pharmaceutically accetable anion, racemic 
mixtures, enantiomers and diasteroisomers thereof, which 
comprises the following steps: 

a) reaction of the intermediate of formula (IX) 



(CHj>n- NH3 



••■4 



.4NO-, 



(IX) 



with two equivalents of intermediate of formula (VI) 



20 



pt 



(CHj)!! NHBOC 



(VI) 



.NO, 



25 



to give, after removal of the aminic protecting group 
present, the tri-platinum complex of formula (X) 



^\ (CMjJn NH, 



HH, tCH,)n WH, 



L L ^W*, (CH,)n NK, 

MK, iCK,) a ^HH, L 



(X) 
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(b) optional exchange reaction of the anion A^^ with 
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nitrate anion; 

(c) reaction of the tri-platinum complex obtained in 
step (b) with two equivalents of intermediate of 
formula (Va): 



(Va) 

.NO3" 

(d) optional transformation of one compound of formula 
(lb) into another compound of formula (lb) having a 
different cou-nterion by means of the exchange 
reaction of said counter ion with the wanted anion. 

15. Pharmaceutical compositions containing at least one 
compound according to claims 1-11 in admixture with 
pharmaceutically acceptable excipients, 

16. Use of the compounds according to claims 1-11 as 
antitumor agents. 

17. Use according to claim 16, in which the tumors to 
be treated are tumors susceptible to the therapy with 
cis-platin . 

18. Use according claim 16, in which the tumors to be 
treated are tumors that express resistance to cis- 
platin. 

19. Use of the compounds according to claims 1-11 for 
the treatment of parasytic diseases. 

20. Use of the compounds according to claims 1-11 for 
the sensitization and the enhancement of the radiations 
in radio-therapy. 



Pt 

l/^ ^ (O) DMF 
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